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Ў Aimas umivensiry 


Antenna is a special scattering object which should be used to transmit and receive the 
electromagnetic fields firstly. In recent years, antenna radar cross section (RCS) 
reduction has received high priority in the design of many platforms since it contributes 
to the total RCS of low-observable platforms significantly. Antenna RCS is distinctly 
different for frequencies in the operating band as compared to those out of the 
operating band. Thus, effective control of antenna RCS must address the in-band and 
out-of-band frequencies separately. However, methods those are effective out of the 
operating band impact the antenna performance in its operating band. Traditional 
methods for scattering objects are difficult to use for antennas. This talk will review the 
theory and the reduction methods for antennas. Some case studies including 
Broadband Polarization Rotation Reflective Surface, Low RCS and High-gain Antennas, 
etc, will be discussed. A conclusion will be given in the end. 


Index Terms: Antenna, RCS, Polarization Rotation Reflective Surface, Phase Gradient 
Metasurface 
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Antenna Scattering Theory 





© Theoretical formula of antenna RCS 


© Calculation model of antenna RCS 
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Theoretical Formula 


The fundamental equations of antenna scattering are 
developed for the case of an antenna fed from a single 
transmission line that supports only one propagating mode. 
(ap, by) is the signal on the transmission line. 

The field in the outer space of the antenna can be expressed 
by applying spherical wave function: 
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d The scattering matrix representation can be 


converted directly to field components: 
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Total scattering fields: Е" (2,) = Е'(2,) 


Structural modi 
fields 





Theoretical Formula 
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It is corresponding to the scattered 
electric fields when the antenna is 
terminated with a matched load. 


When the termination is a matched 
circuit, Z, - Z, Г, - 0. the portion of 
scattering due to antenna reradiation is. 
zero. 











Jf is the receiving amplitude when the 
antenna is terminated with a matched load. 
Evrepresents the radiated field for a 1 amp 
antenna current excitation 


When the antenna is terminated with an 
arbitrary load, there will be received signals. 
transmitting to the antenna port and a portion 
of these signals will be reflected back to the 
load at the antenna port. 
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Theoretical Formula 













R.E.Collin, 1969 
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R.B.Green, 1963, 
conjugate matched 


Ё) = Ед) LE 
In 2000, Xidian University 
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R.C.Hansen, 1989. 
short circuit. 


= Fundamental theory of 
antenna scattering. 

E'(Z)- E (Z,) T, LE = Unify the theory of 
e GT, LE, antenna scattering 
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Antenna RCS 
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Structural mode scattering with Antenna mode scattering with 
arbitrary load arbitrary load 


The structural mode scattering and antenna mode 
scattering can be obtained respectively. As a result, the 
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‘Ying Liu, Demin Fu, Shuxi Gong, “A novel model for analyzing the RCS of microstrip antenna”, Journal of 


Electromagnetic Waves and Application, Vol.17, No.9, 2003, pp.1301-1310. 
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A NOVEL MODEL FON ANALYZING THE RADAR 
CROSS SECTION OF MICROSTRIP ANTENNA 
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Metasurfaces 





Reduction principle: 

seein памян 0 Artificial magnetic conductor(AMC) is a two- 

dimensional periodic structure. The AMC has a 

0° reflection phase while the perfect electric 

PEC AMC conductor(PEC) has a reflection phase of 180° 

for the same incident wave. Thus the RCS 

reduction can be achieved by using their 180 ° 
reflection phase difference. 
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diagram of the AMC structure with different arrangements reflection Phase difference comparison of the monostatie RCS 
between the PEC and AMC алеи аата 
structure 


diagram of the reduction principle of the AMC structure 





L1 Zhang. 3. Wang, M- Chen and 2 Zhang, “RCS Reduction of Patch Army Antena by Ене На Gap Structure” EE Antena Wireless Prop. 
“Let рр 1084-1081, 2013, 
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structure of the mushroom antenna structure of the reference antenna 


Y. Y. Li H. Wang K Li and S. Gong, "LowRCS, High Gain sn Wietuad Mushroom Antena" JERE Anemnas Wireless Popa. Lt, vo. H, pp. 277-280, 
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comparison of he antenna's 


comparison of the monostatic RCS under comparison of the monostatic RCS under 
-polarized normally incident wave y-polarized normally incident wave 


reflection coefficient and gain 


The proposed high-gain and low RCS antenna: 





comparison of the radiation patterns between the 
simulated and measured results at 5 SSGH2 


Na ЗИ ТЕТ 
antenna is 26.4% while the reference antenna 
КТУ 
The average gain of the proposed antenna is 


9dBi whi T ап Л 
antenna. 

The RCS of the proposed antenna is reduced 
from 2GHz to 16GHz. 
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reflection phase ofthe proposed 4 structures 









Metasurfaces 
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fete ERE wp of oy : 
poem axial ratio of the proposed antenna. 















» The -10dB impedance bandwidth of the antenna is 21%, the -3dB axial 
atio bandwidth is 14.947 and the m is up to 9.4dBi 
» The in-band and out-band RCS of the proposed antenna is reduc 
5dB compared with the refe ntenna. 
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» Holographic Surface| 


Metasurfaces 








diagram of the operation principle of holographic surface 
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Metasurfaces 
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Кя yor 
antenna structure loaded with comparison of the reflection coefficient ofthe comparison of the radiation patterns of the 
the holographic surface Proposed antenna and the reference antenna жаке нс е аен ate 


Load the holographic surfa 





v > have little effect on antenna 
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Y. Liu, Y. Hao, “Wideband and Polarization Independent Radar Cross Section Reduction Using Holographike Мејс, ТЕБЕ Ана Wile Popa 
‘vl. 18, pp. 1028-1031, 2016 
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Working principle of the PRS Configuration of the PRS 


JM K LY Jia YH, S, Gong and Y J Cu ВСУ еде of a Slot Armay Antenna Using to Comer Mei IEE Tn 
Antennas Propa. 490.1, 9p 326-331, 2016 
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Structure of the PRRS «зіна БА plained 


сай алев coefieient 
reflection coefficient 


for different modes 





















сабрана? 3 » 
Y. Ja, Y, Län, Y. 3, Ouo, K- Li and S: ong, "roadbund perat rotation secte arces and Вей appa on RCS flo.” IEEE: Тр enna 
орах. Vil 64, NL pp 179-188, Jn. 2016 
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Metasurfaces 
High-efficiency and Wideband Polarization Rotation Reflective Surface with Dual-patch 
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Y. Jia. Y. Li, Y. J. Gun. K. Li. and S. Gong. “A Dual-Puch Polarization Rotation Reflective Surface and I Application to RCS Reduction" IEEE. Tiam 
Antennas Propa, Vol. 6S, No.1, pp: 179-188, an 2017 
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Ultra-wideband and High-efficiency Polarization Rot 
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diagram of the principle of rotating he y- amplitude and phase difference of the 
e polarized incidem wave to x-polariasd reflection coefficient for cident electric 
E reflective wave field along u-axis and v-axis f 
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Frequency (она етеу (она, 
co-polarized and cross-polarized reflection co-polarized reflection amplitude 





{curve for normal incident wave 





for normal incident wave 


Ha Y, Liu Y. Zhang W. et al, Ura- widehand and higtrefficieney polarization satatar based an metasarface. Appl. Pya: Lett. Vo. 109, No.5, pp. 407-412 2016. 
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TTS OS o 
configuration ofthe PRS cell reflection eoelicient of the PRS cell 














configuration of proposed and reference antennas 
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comparison ofthe reflection coefficients comparison of the radiation pattems comparison of the monostatic RCS 


under normally incident wave 
ИЯ 

> The reflection coefficient of the antenna has not been affected and the gain is reduced by ( 
> The antenna RCS is reduced from 2GHz to 12GHz under normal incident wave. 


Y. Llu, Y. Hao, K. Li and S. Gong, “Hadar Cross Sertion Redetion afa Mierosrip Antenna Based on Pulartzation Conversion Metamsterial“, ZEEE Antennas Wireles 
Props Let, Vol. LS, pp. 935,201. 
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Metasurfaces 





the reflection characteristics of the 
© polarization rotation reflection surface 








Frequency GH) = 


= comparison of the monostatic RCS 
reflection coefficient of the antennas radiation patterns in xoz- plane at 4-6 GHz 


under x- polarized normally incident 





Y. Lin, K. Li, Y. Jia, Y. Han S. Gong and Y. J. Guo, “Wideband RCS Reduction ofa Slot Array Antenna Using Polarization Conversion Metasurtaces“, JEEE Tran 
Antennas Propa. Vo 8b no 1 pp 306331, 20. 
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CPCM: 


Lr | 


schematic of the proposed antenna schematic of the PCM 
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Slot an. without PCM 
Slot ant. with PCM 














Phas difference 
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E ADM 


K. Là, Y. Lin, Y. Jia and Y. 3. Guo, “A Cireularly Polarized High Gain Antenna With Low RCS Over a Widebund Using Cheudoand Porn Convension: 7 
Мааа, IEEE Trans Antennas Props vol 63 n. pp. 4288-34202, 207 
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‘comparison af reflection coefficient ofthe comparison af the slot amay amenna comparison of the axial ratio of the slot 

Sior asray amenna with and without FEM ‘gnin with and without PCM array amenna with PCM owde 







After loading the PCM: 





bandwidth 





> the -10dB 


RCS (ata) 





the gain is increased by 4,SdB at 
maximum 





the RCS is obviously reduced from 


6GHz to 14GHz under normal 
incident wave 
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schematic diagram of the working principle of generalized refraction law 


Под sin(@, die + ( + d)]-[kyn, sin(8,)dx-+]=0 (1) 


6, = nin P 
m | de 


In generalized refraction law, when 4 = Û, , M, =M, „the generalized reflection law can be obtained. 


L if A 0, then , #4, the incident wave can be reflected to space abnormally. | 
de do RCS reduction principle | 
|> The incident wave can be coupled into surface wave with properly selected grand | 


H+sin(@)) (4) 














No P Geneset M. A. Kat Ait) P Табе Е. Сорама, 7. Gaba, “Light Propagation with Phase Discontinue: Generalized Las of Reflection од 
Refraction," Science, 3O, 201 
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Metasurfaces 














Subarray 























RCS reduction of the 2D PGM structure for normally incident waves 








> The reflected main beam is deflected to the direction of Ф, 
12GHz, which is in accordance with the theoretical value. 

> Diffuse reflection occurs at 16GHz. 

> RCS is reduced by 10dB in 7-16.3GHz. 
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Metasurfaces 


бәй | 


proposed low-RCS slot antenna array 





reference slot antenna array 





> The RCS is significantly 


reduced from 7GHz to 20GHz 


for normally incident waves. 
Maximum value of RCS 


reduction is about 30dB. 
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radiation patterns at 4.15GH2 
(a) x-polarized incident wave 








(b) polarized incident wave 


RCS comparison for normally incident waves 
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ESI Highly Cited Paper 1—Broadband Polarization Rotation Reflective Surfaces 
and Their Applications to RCS Reduction 
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ESI Highly Cited Paper 2—Wideband RCS Reduction of a Slot Array Antenna 
Using Polarization Conversion Metasurfaces 
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Wideband RCS Reduction of a Slot Array Antenna Using Polarization Conversion 
Metasurtaces 
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